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FIG. 6
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FIG. 9
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DOWNLINK CONTROL INFORMATION
TRANSMITTING METHOD AND BASE
STATION, AND DOWNLINK CONTROL
INFORMATION RECEIVING METHOD AND
USER DEVICE

This Application is a 35U.S.C. §371 National Stage Entry
of International Application

No. PCT/KR2010/008034, filed Nov. 15, 2010 and claims
the benefit of U.S. Provisional Application No: 61/264,701,
filed Nov. 27, 2009, and Korean Application No: 10-2010-
0112046, filed Nov. 11,2010, all of which are incorporated by
reference in their entirety herein.

FIELD OF THE INVENTION

The present invention relates to a wireless access system.
And, more particularly, the present invention relates to a
method for efficiently configuring control information in a
system using multiple carriers. Also, in case the multiple
carriers are configured to have different characteristics, the
present invention relates to a method for maximizing the
usage of the characteristics of each carrier.

BACKGROUND ART

Hereinafter, the structure of a wireless communication sys-
tem and the assignment (or allocation) method of a radio
channel, which are generally used, will be briefly described.

FIG. 1 illustrates a conceptual view of a communication
system using at least one or more radio frequencies (RFs).

Referring to FIG. 1, a communication system supporting
radio frequencies (RFs) may configure a communication sys-
tem by using a total of N number of RFs. A BS (Base Station)
may use one or more RFs so as to simultaneously transmit
data to a single user equipment. And, similarly, a user equip-
ment may also use one or more RFs so as to simultaneously
transmit data to the base station. At this point, one RF may be
configured by using each single Physical Channel or by using
multiple physical channels. And, the base station and the user
equipment may be provided with a plurality of transmission
antennas (Tx). Such system may also be referred to as a
multiple carrier system.

FIG. 2 illustrates exemplary structures of a transmitter and
a receiver using multiple radio frequencies.

Referring to FIG. 2, the logical concept of a physical chan-
nel may be known by using an uplink channel and a downlink
channel. In FIG. 2, N number of a radio frequencies may be
configured (RF 1, RF 2, . .., RF N), M number of physical
channels may be configured (PHY 1, PHY 2, ..., PHY M).

Signals that are generated from the transmitter through N
number of RFs may be transmitted to a receiving end through
M number of physical channels. At this point, the N number
of'signals may be scheduled to be simultaneously transmitted
through an RF Multiplexer. The signals that are multiplexed
through the RF multiplexer are transmitted from the transmit-
ter to the receiver through N, number of physical transmission
antennas (Tx).

The signals, which are transmitted as described above, may
be received through N, number of receiving antennas (Rx) of
areceiver, which supports Multi-RF reception through aradio
channel. The signals that are received through N, number of
reception antennas may be divided to M number of PHY
channels through a Multiple RF Demultiplexer. The receiver
may recover the signals that are transmitted from the trans-
mitter through each of the divided PHY channels.
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In each physical channel of the multi-RF transmitter and
receiver, all methods being used in a system using the con-
ventional single RF may be used. In configuring the system
shown in FIG. 2, multiple RF communication modules may
be configured, and a single RF module may be used, so as to
sequentially generate and recover singles of multiple physical
channels.

In case of using multiple RFs, a multiple antennas method
or a control channel should be designed based upon the chan-
nel characteristics of each frequency. Unlike the case of using
a single RF, when using multiple RFs, the channel character-
istic for each RF may vary. Accordingly, by designing the
multi-antenna method and control channel based upon the
channel characteristic of each frequency, the system may be
optimized. Additionally, among the multiple carriers, when
some of the carriers are configured to have the same frame
structure as a specific conventional system, the carrier is
required to be configured so that the user equipment designed
for the conventional system and the user equipment designed
for the new system can both be operated.

DETAILED DESCRIPTION OF THE INVENTION
Technical Objects

The generally used multiple carrier system is disadvanta-
geous in that the communication system fails to be optimized,
since a multi-antenna method is applied without considering
the frequency channel characteristic of each physical chan-
nel, or since a control channel is not designed in accordance
with the corresponding system.

The present invention is designed to resolve the general
technical disadvantages of the related art. Accordingly, the
object of the present invention is to provide a method for
enhancing the performance of a wireless access system.

Another object of the present invention is to provide an
optimal transmission and reception method between an
uplink and a downlink in order to enhance the performance of
a communication system supporting multiple carriers.

Yet another object of the present invention is to provide an
optimized communication system by applying a multi-anten-
nas method based upon frequency channel characteristics for
each carrier, or by designing a control channel.

Yet another object of the present invention is to provide a
transmission and reception method optimized for each physi-
cal channel and also to provide system parameters optimized
for each physical channel.

Yet another object of the present invention is to provide
backward compatibility in the system proposed in the con-
ventional system and the exemplary embodiments of the
present invention by adequately modifying the control chan-
nel, in case the carrier reflecting the technical feature of the
present invention has the same frame structure as a specific
conventional system.

A further object of the present invention is to decrease the
complexity in implementing the user equipment, by minimiz-
ing data buffering, which is performed to decode user data.

Technical Solutions

In order to resolve the technical objects of the present
invention, the present invention discloses a method for trans-
mitting a downlink control signal in order to enhance the
performance of a wireless access system.

A base station transmit user data for a user equipment and
control information for the user data to the user equipment
using multiple carriers in a wireless communication system,
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wherein the base station may transmit the control information
through only a portion of the multiple carriers, and configure
acarrier through which only the user data is being transmitted
without the control information. At this point, on a carrier
having only the user data allocated thereto without the control
information, the base station transmits the user data after a
predetermined number of subframes from the subframe
through which the control information is transmitted.

According to an aspect of the present invention, a method
of a base station for transmitting downlink control informa-
tion to a user equipment using a plurality of carriers, in a
wireless communication system, is provided. The method
includes the steps of allocating user data designated for the
user equipment to the plurality of carriers; and allocating
control information for the user data to at least one of the
plurality of carriers; transmitting the user data and the control
information to the user equipment, wherein, on a carrier allo-
cated only with the user data from among the plurality of
carriers, the user data is transmitted after k number of sub-
frames from a subframe in which the control information is
transmitted.

According to another aspect of the present invention, a
method of a user equipment using a plurality of carriers for
receiving downlink control information from a base station,
in a wireless communication system, is provided. The method
includes the steps of receiving control information designated
for the user equipment from at least one of the plurality of
carriers; and receiving user data designated for the user equip-
ment through the plurality of carriers based on the control
information, wherein, on a carrier allocated only with the user
data from among the plurality of carriers, the user data is
received after k number of subframes from a subframe in
which the control information is transmitted.

According to yet another aspect of the present invention, a
base station transmitting downlink control information to a
user equipment using a plurality of carriers, in a wireless
communication system, is provided. The base station
includes a transmitter configured to transmit radio signals to
the user equipment through the plurality of carriers; and a
processor configured to allocate user data designated for the
user equipment to the plurality of carriers, and to allocate
control information for the user data to at least one of the
plurality of carriers, wherein the processor is connected to the
transmitter and control the transmitter to transmit the user
data and the control information to the user equipment, and
wherein the processor controls the transmitter to transmit, on
a carrier allocated only with the user data, the user data after
k number of subframes from a subframe in which the control
information is transmitted.

According to a further aspect of the present invention, a
user equipment using a plurality of carriers so as to receive
downlink control information from a base station, in a wire-
less communication system is disclosed. The user equipment
includes a receiver configured to receive radio signals from
the user equipment through the plurality of carriers; and a
processor configured to control the receiver to receive control
information designated for the user equipment on at least one
of the plurality of carriers; and configured to control the
receiver to receive user data designated for the user equip-
ment through the plurality of carriers based on the control
information, wherein the processor controls the receiver so
that, on a carrier allocated only with the user data, the receiver
receives the user data after k number of subframes from a
subframe in which the control information is transmitted.

In each aspect of the present invention, k may be a positive
integer.

In each aspect of the present invention, k is equal to 1 or 2.
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In each aspect of the present invention, information indi-
cating k is further received from the base station.

In each aspect of the present invention, the control infor-
mation and k are transmitted through a PDCCH (Physical
Downlink Control Channel), and wherein the user data is
transmitted through a PDSCH (Physical Downlink Shared
Channel).

The technical objects of the present invention merely cor-
respond to a portion of the exemplary embodiments of the
present invention. Therefore, various embodiments of the
present invention reflecting the technical characteristics of
the present invention may be devised and understood by
anyone skilled in the art based upon detailed description of
the present invention, which will be provided below.

Effects of the Invention

According to the exemplary embodiments of the present
invention, the present invention may have the following
effects.

Firstly, by using the exemplary embodiments ofthe present
invention, the performance of the wireless access system may
be enhanced. Accordingly, in an uplink communication and a
downlink communication of a communication system sup-
porting multiple carriers, an optimal transmission and recep-
tion method may be applied.

Secondly, by applying a multi-antennas method based
upon the frequency channel characteristic for each carrier, an
optimal communication system may be implemented.

Thirdly, by promoting backward compatibility between a
communication system reflecting the technical spirit of the
present invention and the conventional system, data may be
efficiently transmitted and received.

Fourthly, since the corresponding user data is not transmit-
ted while the user equipment according to the present inven-
tion detects (or searches for) the control information, the user
data may be decoded with minimum buffering.

Finally, among the multiple carriers, some of the carriers
carry reference signals in only some of the subframes. Thus,
the performance of the wireless communication system may
be enhanced.

The effects that may be gained from the embodiment of the
present invention will not be limited only to the effects
described above. Accordingly, additional effects of the
present application will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the fol-
lowing or may be learned from practice of the present appli-
cation. More specifically, unintended effects obtained upon
the practice of the present invention may also be derived by
anyone having ordinary skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conceptual view of a communication
system using at least one or more radio frequencies (RFs).

FIG. 2 illustrates a block view showing components of a
user equipment and base station performing the method
according to the present invention.

FIG. 3 illustrates a block view showing components of a
user equipment (UE) and base station performing the method
according to the present invention.

FIG. 4 illustrates an exemplary structure of a transmitter
within the user equipment and the base station.

FIG. 5 and FIG. 6 illustrate physical channels and subcar-
riers configuring the physical channel.
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FIG. 7 illustrates exemplary uplink and downlink struc-
tures that are used in a communication system supporting
multiple CCs.

FIG. 8 illustrates an exemplary radio frame structure being
used in a wireless communication system.

FIG. 9 illustrates an exemplary DL/UL slot structure in a
wireless communication system.

FIG. 10 illustrates an exemplary transmission of a
PCFICH.

FIG. 11 illustrates an exemplary downlink subframe in a
wireless communication system.

FIG. 12 illustrates an exemplary uplink subframe in a wire-
less communication system.

FIG. 13 illustrates diverse methods for allocating a down-
link control channel in a system using multiple carriers.

FIG. 14 illustrates exemplary subframe structures for each
carrier in a multi-carrier system.

FIG. 15 illustrates an example of a multi-PDCCH being
transmitted from the multi-carrier system.

FIG. 16 illustrates an exemplary multi-PDCCH transmis-
sion from the multi-carrier system.

FIG. 17 illustrates another exemplary multi-PDCCH trans-
mission from the multi-carrier system.

FIG. 18 illustrates yet another exemplary multi-PDCCH
transmission from the multi-carrier system.

FIG. 19 illustrates an exemplary CRS pattern according to
antenna ports.

BEST MODE FOR CARRYING OUT THE
PRESENT INVENTION

Hereinafter, the preferred embodiments of the present
invention will now be described in detail with reference to the
accompanying drawings. The detailed description of the
present invention that is to be disclosed along with the
appended drawings is merely given to provide to describe the
exemplary embodiments of the present invention. In other
words, the embodiments presented in this specification do not
correspond to the only embodiments that can be realized
according to the present invention. In the following descrip-
tion of the present invention, the description of detailed fea-
tures of the present invention will be given in order to provide
a full and complete understanding of the present invention.
However, it will be apparent to those skilled in the art that the
present invention can be realized even without the detailed
features described herein.

Additionally, the technique and device, and system that
will hereinafter be described may be applied to diverse wire-
less multiple access systems. Examples of a multiple access
system include a CDMA (code division multiple access) sys-
tem, an FDMA (frequency division multiple access) system,
aTDMA (time division multiple access) system, an OFDMA
(orthogonal frequency division multiple access) system, an
SC-FDMA (single carrier frequency division multiple
access) system, an MC-FDMA (multi carrier frequency divi-
sion multiple access) system, and so on. The CDMA may be
embodied in wireless technology, such as UTRA (Universal
Terrestrial Radio Access) or CDMA2000. The TDMA may be
embodied in wireless technology, such as GSM (Global Sys-
tem for Mobile communications)/GPRS (General Packet
Radio Service)/EDGE (Enhanced Data Rates for GSM Evo-
Iution). The OFDMA may be embodied in wireless technol-
ogy, such as IEEE (Institute of Electrical and Electronics
Engineers) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802-20, and E-UTRA(Evolved UTRA). The UTRA is a part
of the UMTS (Universal Mobile Telecommunications Sys-
tem), and the 3GPP (3rd Generation Partnership Project) LTE
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(long term evolution) is a part of the E-UMTS (Evolved
UMTS), whichuses E-UTRA. In adownlink communication,
the 3GPP LTE adopts the OFDMA, and, in an uplink com-
munication, the 3GPP LTE adopts the SC-FDMA. The
LTE-A (LTE-advanced) is an evolved version of the 3GPP
LTE. For simplicity, the present invention will be described in
detail as follows based upon an assumption that the present
invention is being applied to a 3GPP LTE/LTE-A system.
However, the technical aspects of the present invention will
not be limited only to this assumption. For example, although
the present invention will be described in detail as follows
based upon a mobile communication system corresponding
to the 3GPP LTE/LTE-A system, with the exception for the
unique and typical features of the 3GPP LTE/LTE-A system,
the present invention may also be applied to other random
mobile communication systems.

In some cases, in order to avoid any ambiguity in the
concept (or idea) of the present invention, some of the struc-
tures and devices disclosed (or mentioned) in the present
invention may be omitted from the accompanying drawings
of the present invention, or the present invention may be
illustrated in the form of a block view focusing only on the
essential features or functions of each structure and device.
Furthermore, throughout the entire description of the present
invention, the same reference numerals will be used for the
same elements of the present invention.

According to the present invention, the user equipment
(UE) may either be fixed or be mobile. And, diverse devices
communicating with the base station so as to transmit and/or
receive user data and/or diverse control information may
correspond to the user equipment. The term user equipment
may also be referred to as Terminal Equipment, MS (Mobile
Station), MT (Mobile Terminal), UT (User Terminal), SS
(Subscribe Station), wireless device, PDA (Personal Digital
Assistant), wireless modem, handheld device, and so on.
Additionally, according to the present invention, a Base Sta-
tion (BS) generally refers to a fixed station, which communi-
cates with a user equipment and/or another base station, and
the base station communicates with the user equipment and
another base station, so as to exchange diverse data and con-
trol information to and from one another. The term base
station may also be referred to as eNB (evolved-Node B),
BTS (Base Transceiver System), Access Point, and so on.

One RF may have one physical channel or a plurality of
physical channels. However, in the following description of
the present invention, it will be assumed that one RF basically
has one physical channel, for simplicity. In a wireless com-
munication system supporting multiple RFs, one RF will also
be referred to as a component carrier (CC).

Also, hereinafter, a user equipment (UE) that may use a
single carrier, i.e., a single CC, may be referred to as an LTE
UE, and a user equipment that is configured to use multiple
carriers, i.e., multiple CCs, may be referred to as an LTE-A
UE.

Furthermore, a CC that may be used by both the LTE UE
and the LTE-A UE may be referred to as a normal CC, and a
CC that may be used only by the LTE-A UE may be referred
to as an LTE-A CC.

Meanwhile, in the description of the present invention, the
process of allocating data or control information to a frame/
subframe/symbol/carrier/subcarrier and transmitting the
allocated data or control information may signify that the data
or control information is being transmitted in the correspond-
ing frame/subframe/symbol time section/timing through the
corresponding carrier/subcarrier.



US 9,178,670 B2

7

FIG. 3 illustrates a block view showing components of a
user equipment (UE) and base station performing the method
according to the present invention.

The UE operates as a transmitting device in an uplink and
operates as a receiving device in a downlink. Conversely, the
base station operates as a receiving device in an uplink and
operates as a transmitting device in a downlink.

Each of the UE and the base station includes an antenna
(5004, 5005) that can receive information and/or data, sig-
nals, messages, and so on, a transmitter (100a, 1005) trans-
mitting messages by controlling the antenna, a receiver
(3004, 3005) receiving messages by controlling the antenna,
and a memory (200a, 20056) storing diverse information
related to communication within the wireless communication
system. Also, each of the UE and the base station includes a
processor (400a, 4005), which is configured to perform the
present invention by controlling the components included in
the UE or the base station, such as the transmitter and the
receiver, and the memory, and so on. The transmitter (100a),
the receiver (300qa), the memory (200a), and the processor
(400a) included in the UE may each be implemented as
independent elements by using separate chips, or a combina-
tion of at least two or more elements may be implemented by
using a single chip. Similarly, the transmitter (1005), the
receiver (3005), the memory (2005), and the processor (4005)
included in the base station may each be implemented as
independent elements by using separate chips, or a combina-
tion of at least two or more elements may be implemented by
using a single chip. The transmitter and receiver may also be
combined so as to be implemented as a single transceiver
within the user equipment or the base station.

The antenna (500a, 50056) performs the function of trans-
mitting a signal, which is generated from the transmitter
(1004, 1005), to an outside target, or the antenna (500a, 5005)
performs the functions of receiving a radio signal from an
outside source and delivering the received radio signal to the
receiver (300a, 3005). The antenna (5004, 5005) may also be
referred to as an antenna port. Each antenna port may corre-
spond to one physical antenna or may be configured of a
combination of more than one physical antenna. In case of a
transceiver supporting the Multi-Input Multi-Output
(MIMO) function, which transmits and receives data by using
multiple antennas, the transceiver may be connected to 2 or
more antennas.

The processor (400a, 4005) generally controls the overall
operations of each module within the UE or the base station.
Most particularly, the processor (400a, 4005) may perform
various control functions for performing the present inven-
tion, MAC (Medium Access Control) frame variable control
functions for service characteristics and frequency environ-
ments, power saving mode functions for controlling idle
mode operations, Hand Over functions, certification and
encryption functions, and so on. The processor (400a, 4005)
may also be referred to as a controller, a microcontroller, a
microprocessor, a microcomputer, and so on. Meanwhile, the
processor (400a, 4005) may be implemented in the form of
hardware or firmware, or software, or in a combination of at
least two or more of hardware, firmware, and software. In
case of implementing the embodiments of the present inven-
tion by using hardware, ASICs (Application Specific Inte-
grated Circuits) or DSPs (Digital Signal Processors), DSPDs
(Digital Signal Processing Devices), PL.Ds (Programmable
Logic Devices), FPGAs (Field Programmable Gate Arrays),
and so on, which are configured to perform the present inven-
tion, may be provided in the processor (400a, 4005). Mean-
while, in case of implementing the embodiments of the
present invention by using firmware or software, the firmware
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or software may be configured to include a module, proce-
dure, or function performing the above-described functions
or operations, and the firmware or software, which is config-
ured to perform the present invention may be provided in the
processor (400a, 4005), or may be stored in the memory
(2004, 2005) so as to be operated by the processor (4004,
4005).

The transmitter (100qa, 10056) performs coding and modu-
lation on signals and/or data that are to be scheduled by the
processor (400a, 4005) or by a scheduler being connected to
the processor, so as to be transmitted to an outside target and,
then, transmits the processed signals and/or data to the
antenna (500a, 50056). For example, the transmitter (100a,
1004) converts a data sequence being transmitted to K num-
ber of layers by performing demultiplexing, channel encod-
ing, and modulation processes. The K number of layers
passes through a transmission processor included in the trans-
mitter, so as to be transmitted through the transmitting
antenna (500a, 5005). The transmitter (100a, 1005) and the
receiver (300a, 3005) ofthe UE and the base station may each
be differently configured depending upon the procedures for
processing the transmission signal and the reception signal.

FIG. 4 illustrates an exemplary structure of a transmitter
within the user equipment and the base station. The opera-
tions of the transmitter (100a, 1005) will hereinafter be
described in detail with reference to FIG. 3.

Referring to FIG. 4, the transmitter (100a, 1005) within
each of the UE or the base station may include a scrambler
(301) and a modulation mapper (302), a layer mapper (303),
a precoder (304), a resource element mapper (305), and an
OFDM/SC-FDM signal generator (306).

The transmitter (100a, 1005) may transmit at least one or
more codewords. Coded bits within each codeword are each
scrambled by the scrambler (301) and then transmitted on the
physical channel. The codeword may also be referred to as a
data sequence, and the codeword is equivalent to a data block
being provided by a MAC layer. The data block being pro-
vided by the MAC layer may also be referred to as a trans-
mission block.

The scrambled bits are modulated to complex-valued
modulation symbols by the modulation mapper (302). The
modulation mapper modulates the scrambled bits in accor-
dance with a pre-decided modulation scheme, so that the
modulated bits may be positioned as complex-value modula-
tion symbols, which indicate the corresponding positions
over a signal constellation. There is no limitation in the modu-
lation scheme. And, therefore, m-PSK (m-Phase Shift Key-
ing) or m-QAM (m-Quadrature Amplitude Modulation) may
be used for the modulation process of the coded data.

The complex-value modulation symbols may be mapped
to atleast one or more transmission layers by the layer mapper
(303).

The complex-value modulation symbol over each layer is
precoded by the precoder (304) for the transmission over an
antenna port. More specifically, the precoder (304) processes
the complex-value modulation symbols by using an MIMO
scheme (or method) with respect to multiple transmission
antennas (500-1, 500-2, . . ., 500-N,), so as to output the
antenna-specific symbols, thereby distributing the antenna-
specific symbols to the corresponding resource element map-
per (305). More specifically, the process of mapping a trans-
mission layer to an antenna port is performed by the precoder
(304). The precoder (304) may multiply the output x of the
layer mapper (303) by a precoding matrix W of N,xM,, so as
to output a matrix z of N,xM_.

The resource element mapper (305) maps/allocates the
complex-valued modulation symbols for each antenna port to
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adequate resource elements. The resource element mapper
(305) may allocate the complex-valued modulation symbols
for each of the antenna ports to adequate subcarriers and may
then multiplex the allocated complex-valued modulation
symbols in accordance with the user.

The OFDM/SC-FDM signal generator (306) modulates
complex-valued modulation symbols for each of the antenna
ports, i.e., antenna specific symbols, by using the OFDM or
SC-FDM scheme, so as to generate complex-valued time
domain OFDM (Orthogonal Frequency Division Multiplex-
ing) symbol signals or SC-FDM (Single Carrier Frequency
Division Multiplexing) symbol signals. The OFDM/SC-
FDM signal generator (306) may perform IFFT (Inverse Fast
Fourier Transform) with respect to an antenna specific sym-
bol, and a CP (Cyclic Prefix) may be inserted in a time domain
symbol being processed with IFFT. The OFDM symbol may
be processed with procedures, such as digital-to-analog con-
version, frequency up-conversion, and so on, so as to be
transmitted to a receiving device through each transmission
antenna (500-1, . . ., 500-N,). The OFDM/SC-FDM signal
generator (306) may include an IFFT module and a CP
inserter, a DAC (Digital-to-Analog Converter), a frequency
uplink converter, and so on.

Meanwhile, in case the transmitter (100a, 1005) adopts the
SC-FDM access (SC-FDMA) scheme for performing the
codeword transmission, the transmitter (100a, 1005) may
include a fast Fourier transformer. The fast Fourier trans-
former may perform FFT (Fast Fourier Transform) on the
antenna specific symbol, so as to output the fast Fourier
transformed symbol to the resource element mapper (305).

The signal processing procedure of the receiver (300a,
3005) may be configured as the inverse process of the signal
processing procedure of the transmitter. Most particularly, the
receiver (3004, 3005) may perform decoding and demodula-
tion of a radio signal, which is received from an external
source through the antenna (500a, 5005), so as to deliver the
processed signal to the respective processor (400a, 4005).
The antenna (500a, 50056), which is connected to the receiver
(3004, 3005) may include N, number of multiple receiving
antennas, and each of the signals being received through the
receiving antennas is recovered as a baseband signal and then
processed with multiplexing and MIMO demodulation pro-
cesses, so as to be recovered as data sequences, which were
initially intended to be transmitted by the transmitter (100a,
10054). The receiver (3004, 3005) may include a signal recov-
ery unit being configured to recover the received signal to a
baseband signal, a multiplexer being configured to combine
and multiplex the reception-processed signals, and a channel
demodulator being configured to demodulate the multiplexed
signal sequence to the corresponding codeword. Herein, the
signal recovery unit, the multiplexer, and the channel modu-
lator may be configured as a single collective module per-
forming each of the corresponding functions, or may each be
configured as an independent module. More specifically, the
signal recovery unit may include an ADC (analog-to-digital
converter) being configured to convert an analog signal to a
digital signal, a CP remover being configured to remove the
CP from the digital signal, an FFT module being configured
to apply FFT (fast fourier transform) on a signal processed
with CP removal so as to output a frequency domain symbol,
and a resource element demapper/equalizer being configured
to recover the frequency domain symbol to an antenna spe-
cific symbol. The antenna specific symbol may be recovered
to a transmission (or transport) layer by the multiplexer, and
the transmission layer may be recovered to as codeword,
which was initially intended to be transmitted by the trans-
mission device, by the channel demodulator.
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Meanwhile, in case the receiver (300a, 3005) receives an
SC-FDM signal, the receiver (300a, 3005) additionally
includes an IFFT module. The IFFT module performs IFFT
on an antenna specific symbol, which is recovered by the
resource element demapper, so as to output an inverse fast
Fourier transformed symbol to the multiplexer.

For reference, although it is described in FIG. 3 and FIG. 4
that the scrambler (301) and the demodulation mapper (302),
the layer mapper (303), the precoder (304), the resource ele-
ment mapper (305), and the OFDM/SC-FDMA signal gen-
erator (306) are included in the transmitter (100a, 1005), the
processor (400a, 4005) of the transmitting device may also be
configured to include the scrambler (301) and the demodula-
tion mapper (302), the layer mapper (303), the precoder
(304), the resource element mapper (305), and the OFDM/
SC-FDMA signal generator (306). Similarly, although it is
described in FIG. 3 and FIG. 4 that the signal recovery unit,
the multiplexer, and the channel modulator are included in the
receiver (300a, 3005), the processor (400a, 4005) of the
receiving device may be configured to include the signal
recovery unit, the multiplexer, and the channel modulator.
Hereinafter, for simplicity, it will be described that the scram-
bler (301) and the demodulation mapper (302), the layer
mapper (303), the precoder (304), the resource element map-
per (305), and the OFDM/SC-FDMA signal generator (306)
are included in the transmitter (100a, 1005), which is sepa-
rated from a processor (400a, 4005) being configured to
control the operations of the above-mentioned elements, and
also that the signal recovery unit, the multiplexer, and the
channel modulator are included in the receiver (3004, 3005),
which is separated from a processor (400a, 4005) being con-
figured to control the operations of the above-mentioned ele-
ments. Nevertheless, the exemplary embodiments of the
present invention may also be identically applied to a case
when the scrambler (301) and the demodulation mapper
(302), the layer mapper (303), the precoder (304), the
resource element mapper (305), and the OFDM/SC-FDMA
signal generator (306) are included in the processor (4004,
4005), and to a case when the signal recovery unit, the mul-
tiplexer, and the channel modulator are included in the pro-
cessor (400a, 4005).

The memory (2004, 2005) may store a program configured
to process and control the processor (400a, 4005), and the
memory (200a, 2005) may also temporarily store inputted/
outputted data. Furthermore, the memory may be imple-
mented by using a storage medium of at least one of a flash
memory type, a hard disk type, a multimedia card micro type,
a card type memory (e.g., SD or XD memory, etc.), Random
Access Memory (RAM), Read-Only Memory (ROM),
EEPROM (Electrically Erasable Programmable Read-Only
Memory), PROM (Programmable Read-Only Memory),
magnetic memory, magnetic disk, and optical disk.

FIG. 5 and FIG. 6 illustrate physical channels and subcar-
riers configuring the physical channel.

Referring to FIG. 5, one physical channel may have a
predetermined bandwidth, e.g., the size of 20 MHz. M num-
ber of physical channels each has a BandWidth of N ;*Af, and
Afindicates a frequency unit of a subcarrier. Also, each physi-
cal channel may have a center frequency of f; (i=1, 2, ..., M).
At this point, each center frequency may be separated from
one another at a constant interval or may be positioned to be
spaced apart from one another at irregular intervals. Further-
more, depending upon the cell of the UE or the base station,
a bandwidth having a size smaller than the maximum band-
width may also be used as each physical channel as shown in
FIG. 6.
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Meanwhile, an SCH (synchronization channel for a Cell
Search) may exist in all bandwidths. Therefore, since the
synchronization channel (SCH) is required to be linked to all
physical channels, all UEs may be synchronized to the cor-
responding cell. In case the system is configured as shown in
FIG. 5 and FIG. 6, the UE or the base station may use one or
more physical channels so as to transmit and receive data.

The number of physical channels that may be used by the
UE and the base station may differ from one another. For
example, the base station may be designed to use all M
number of physical channels, and the UE may be designed to
use L number physical channels. At this point, the size of L
may be equal to or smaller than M. And, the number of . may
vary depending upon the UE type.

FIG. 7 illustrates exemplary uplink and downlink struc-
tures that are used in a communication system supporting
multiple CCs.

In a system having multiple CCs, structures of a UL (Up-
Link) and a DL (DownLink) may be designed in various
formats. For example, in an FDD (Frequency Division
Duplexing) system, the system may be designed to have the
same bandwidth for both the UL and the DL. More specifi-
cally, M number of physical channels is distributed so that the
UL and the DL can be assigned with the same number of
physical channels. Accordingly, the UL and the DL may be
designed to have a symmetric structure.

Alternatively, M number of physical channels is distributed
so that the UL and the DL can be assigned with different
numbers of physical channels. Such distribution allows the
UL and the DL to have an asymmetric structure, so that a
specific link can have a higher data yield rate. FIG. 7(a)
illustrates an asymmetric structure in an FDD mode, and FIG.
7(b) illustrates an asymmetric structure in a TDD (Time Divi-
sion Duplexing) mode.

FIG. 8 illustrates an exemplary radio frame structure being
used in a wireless communication system. Most particularly,
FIG. 8 illustrates a radio frame structure and the position of a
basic control channel in a 3GPP LTE system. The radio frame
structure of FIG. 8 may be applied in the FDD mode, the half
FDD (H-FDD) mode, and the TDD mode.

Referring to FIG. 8, a radio frame being used in the 3GPP
LTE/LTE-A may have the length of 10 ms (327200T,) and
may include ten subframes each having the same size. Herein,
T, represents a sampling time and is indicated as T ,=1/(2048x
15 kHz). Each subframe has the length of Ims and includes
two slots. 20 slots included in one radio frame are sequen-
tially numbered from O to 19. Each slot has the length 0o 0.5
ms. The time being consumed for transmitting one subframe
is defined as a TTI (transmission time interval).

FIG. 9 illustrates an exemplary DL/UL slot structure in a
wireless communication system. Most particularly, FIG. 9
illustrates the structure of a resource grid of a 3GPP LTE/
LTE-A system.

Referring to FIG. 9, a slot includes multiple OFDM sym-
bols in a time domain and includes multiple resource blocks
(RBs) in a frequency domain. An OFDM symbol may also
signify one symbol section (or interval). One resource block
includes multiple subcarriers in the frequency domain.
Depending upon the multiple access method, the OFDM
symbol may be referred to as an OFDM symbol, an SC-FDM
symbol, and so on. The number of OFDM symbols being
included in a single slot may diversely vary depending upon
a channel bandwidth, a CP length, and so on. For example, in
case of a normal CP, one slot may include 7 OFDM symbols.
However, in case of an extended CP, one slot may include 6
OFDM symbols. In the description given with reference to
FIG. 9, a subframe including slots each being configured of 7
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OFDM symbols is given as an example, for simplicity. How-
ever, the exemplary embodiments of the present invention
may be similarly applied to other subframes including a dif-
ferent number of OFDM symbols. For reference, a resource
configured of one OFDM symbol and one subcarrier is
referred to as a resource element (RE).

Referring to FIG. 9, a signal being transmitted from each
slot may be expressed as a resource grid, which is configured
of NPPL N®5_ number of subcarriers and
number of OFDM or SC-FDM symbols. Herein, N% . indi-
cates a number of resource blocks (RBs) in a downlink slot,
and N?%,, indicates a number of RBs in an uplink slot.
NP Lsym , represents a number of OFDM or SC-FDM symbols
within a downlink slot, and N®*__, represents a number of
OFDM or SC-FDM symbols within an uplink slot. And,
N?Z__indicates a number of subcarriers configuring a single
RB.

In other words, a physical resource block (PRB) may be
defined as N°¥ ULsymb number of consecutive OFDM sym-
bols or SC-FDM symbols in the time domain, and the PBR
may be defined by N*Z _ number of consecutive subcarriers in
the frequency domain. Accordingly, one PBR is configured of
NP ULSym <NBZ_ number of resource elements.

Each resource element within the resource grid may be
uniquely defined by an index pair (k,1) within a slot. Herein,
k corresponds to an index being assigned in the frequency
domain from 0 to N?2%%, _N®¥__1 and 1 corresponds to an
index being assigned in the time domain from 0 to
NDL/ULS mb_l~

Refer?ing back to FIG. 8, a primary synchronization chan-
nel (P-SCH) and a secondary synchronization channel
(S-SCH) are transmitted via downlink in each radio frame so
as to realize synchronization. Additionally, a PDCCH (physi-
cal downlink control channel), which carries resource alloca-
tion information of each downlink subframe, is transmitted in
a predetermined number of leading OFDM symbols within
each downlink subframe. Depending upon the amount (or
number) of control channels, downlink control information
may be transmitted from OFDM symbol #0, OFDM symbols
#0~#1, OFDM symbols #0~#2 within a downlink subframe.
The number of OFDM symbols being used for the control
channel transmission may be varied for each subframe. And,
a PCFICH (physical control format information channel) car-
ries information indicating the number of OFDM symbols,
which are used for the control channel transmission. Accord-
ingly, the PCFICH is transmitted in each subframe, and the
PCFICH carries a total of 3 types of information. Table 1
indicates a CFI (control format indicator) of the PCFICH.

TABLE 1
CFI codeword
CFI <bg, by, ..., by>

1 <0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0, 1,
1,0,1,1,0,1,1,0, 1>

2 <1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1, 1,0,
1,1,0,1,1,0,1,1,0>

3 <1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1,1,0,1, 1,
0,1,1,0,1,1,0, 1, 0>

4 <0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
(reserved) 0,0,0,0,0,0,0,0, 0>

The CFI value indicates how many OFDM symbols have
been used for the PDCCH transmission in the corresponding
subframe. Referring to Table 1, when CFI=1, the PDCCH is
indicated to be transmitted only in OFDM symbol #0. And,
when CFI=2, the PDCCH is indicated to be transmitted in
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OFDM symbols #0~#1. And, when CFI=3, the PDCCH is
indicated to be transmitted in OFDM symbols #0~#2.

The CFI may be defined to indicate different meanings
depending upon the bandwidth. For example, when the sys-
tem bandwidth is smaller than a specific threshold, the CFI
values CFI=1, 2, 3 may be respectively defined to indicate that
the PDCCH is being transmitted in 2, 3, 4 OFDM symbols.

FIG. 10 illustrates an exemplary transmission of a
PCFICH.

The PCFICH may be transmitted as shown in FIG. 10.
Referring to FIG. 10, one REG (resource element group)
includes 4 consecutive REs. The REG may be configured
only of data subcarriers excluding the reference signal. And,
generally, the REG is used by applying a transmit diversity
method. In order to avoid inter-cell interference, the PCFICH
is shifted in the frequency domain in accordance with the cell
identifier. The PCFICH is transmitted only in the first OFDM
symbol, i.e., only in OFDM symbol #0. Accordingly, the
receiver (300a, 3005) may first detect the PCFICH, so as to
perform blind detection of the PDCCH.

FIG. 11 illustrates an exemplary downlink subframe in a
wireless communication system.

Referring to FIG. 11, each subframe may be divided into a
control region and a data region. The control region starts
from the first OFDM symbol and includes at least one or more
OFDM symbols. The number of OFDM symbols that are
being used as the control region within the subframe is trans-
mitted through the PCFICH (Physical Control Format Indi-
cator CHannel). The base station may transmit diverse types
of control information to the user equipment(s) through the
control region. In order to transmit the control information, a
PDCCH (Physical Downlink Control CHannel), PCFICH,
PHICH (Physical Hybrid automatic retransmit request Indi-
cator CHannel), and so on may be assigned to the control
region.

The base station may transmit data designated for the user
equipment or user equipment group through the data region.
Herein, the data being transmitted through the data region
may also be referred to as user data. In order to transmit the
user data, a PDSCH (Physical Downlink Shared CHannel)
may be allocated to the data region. The user equipment may
decode the control information being transmitted through the
PDCCH, so as to be capable of reading the data being trans-
mitted through the PDSCH. For example, information indi-
cating which user equipment or user equipment group the
data of the PDSCH is being transmitted to, information indi-
cating how the user equipment or user equipment group is to
receive and decode the PDSCH data, and so on may be
included in the PDCCH and then transmitted.

The PDCCH carries a transport format of a DL-SCH
(Downlink Shared Channel) and a resource allocation (or
assignment) information, resource allocation information of
a UL-SCH (Uplink Shared Channel), paging information on
a PCH (paging channel), system information on the DL.-SCH,
allocation information of a higher layer control message, such
as a random access response, which is transmitted on the
PDSCH, a group of Tx power control commands for each of
the UEs within a random UE group, information on a VoIP
(voice over IP) activation, and so on. Multiple PDCCHs may
be transmitted in the control region. The UE may monitor the
multiple PDCCHs and may detect its own PDCCH. In the
PDCCH, the size and purpose of the control information may
vary depending upon a DCI (downlink control indicator)
format, and the size may also vary depending upon the coding
rate. For example, the DCI format may be defined as shown
below.

10

15

20

25

30

35

40

45

50

55

60

65

14
TABLE 2

DCI format ~ Objectives

0 Scheduling of PUSCH

1 Scheduling of one PDSCH codeword

1A Compact scheduling of one PDSCH codeword

1B Closed-loop single-rank transmission

1C Paging, RACH response and dynamic BCCH

1D MU-MIMO

2 Scheduling of rank-adapted closed-loop spatial multiplexing
mode

2A Scheduling of rank-adapted open-loop spatial multiplexing
mode

3 TPC commands for PUCCH and PUSCH with 2 bit power
adjustments

3A TPC commands for PUCCH and PUSCH with single bit

power adjustments

The DCI format may be independently applied for each
UE, and the PDCCH of multiple UEs may be multiplexed in
one subframe. The PDCCH of each UE may be independently
channel-coded so that a CRC (cyclic redundancy check) can
be added to the respective PDCCH. The CRC is masked with
aunique identifier of each UE so that each UE can receive its
respective PDDCH. However, since the UE is essentially
unaware of the position to which its PDCCH is being trans-
mitted, the UE is required to perform blind detection on all of
the PDCCHs of the corresponding DCI format, until the UE
receives the PDCCH having the identifier of the correspond-
ing UE.

Hereinafter, in the description of the present invention, the
transmission of data for a UE may be expressed as a PDSCH
transmission, and the transmission of control information
related to the data may be expressed as a PDCCH transmis-
sion, for simplicity.

FIG. 12 illustrates an exemplary uplink subframe in a wire-
less communication system.

Referring to FIG. 12, an uplink subframe may be divided
into a control region and a data region in the frequency
domain. In order to carry UCI (uplink control information),
one or more PUCCHs (physical uplink channels) may be
allocated to the control region. In order to carry user data, one
or more PUSCHs (physical uplink shared channels) may be
allocated to the data region. When the UE adopts the SC-
FDMA scheme for the uplink transmission, in order to main-
tain the single carrier characteristic, the PUCCH and the
PUSCH cannot be transmitted simultaneously. The PUCCH
for one UE may be allocated to an RB pair within the sub-
frame, and the RBs belonging to the RB pair may each occupy
a different subcarrier within two slots. Herein, it may be
expressed that an RB pair allocated to the PUCCH performs
frequency-hopping at a slot boundary of the PUCCH being
allocated as described above.

Meanwhile, when a single UE uses multiple carriers,
downlink control information may be configured to have
diverse formats. This will hereinafter be described in detail
with reference to FIG. 13.

FIG. 13 illustrates diverse methods for allocating a down-
link control channel in a system using multiple carriers.

FIG. 13(a) illustrates a Type 1 method among diverse
methods for allocating downlink control channels to the UE.
Referring to FIG. 13(a), the base station may transmit infor-
mation on downlink data being transmitted on multiple car-
riers to the UE by using the PDCCH region of multiple
carriers. In case of the Type 1 method, since the control
information on the downlink is transmitted by being spread to
several carriers, the PDCCH may gain a diversity gain. How-
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ever, in case the channel status of a specific physical channel
is poor, there may be a case when the data cannot be received.

FIG. 13(b) illustrates a Type 2 method among diverse
methods for allocating downlink control channels to the UE.
Referring to FIG. 13(b), in case the base station allocates
several downlink carriers to the UE, the PDCCH may be
transmitted only on a specific carrier. In case of the Type 2
method, it is advantageous in that the amount of downlink
control information may be minimized. However, in case the
channel status of a specific physical channel is poor, it may be
difficult to also receive the PDSCH data being transmitted on
other carriers.

FIG. 13(c) illustrates a Type 3 method among diverse
methods for allocating downlink control channels to the UE.
Referring to FIG. 13(c), in case the UE is allocated with L.
number of carriers, as a method for receiving data by using the
L number of PDCCHs, the Type 3 method corresponds to a
method of using an independent PDCCH for each carrier. In
the Type 3 method, each carrier independently carries
PDCCH, and thus the Type 3 method provides the highest
flexiblity, and, even if the channel status of a specific channel
is poor, data transmission may be performed on other carriers.
Therefore, the Type 3 has the highest robustness associated
with the channel environment. However, since some control
information may be repeatedly transmitted in each carrier, it
may be disadvantageous in that unnecessary overhead may
occur.

The processor (40056) of the base station according to the
present invention may allocate a downlink control signal in
accordance with any one of the Type 1 method, the Type 2
method, and the Type 3 method. Under the control of the base
station processor (4005), the transmitter (100a) of the base
station may transmit the downlink control signal through the
corresponding carrier. The receiver (300a) of the user equip-
ment according to the present invention may receive the
downlink control signal and user data being transmitted
through one or more carriers. Based upon the downlink con-
trol signal, which is received by the user equipment receiver
(3004), the processor (400a) of the user equipment may con-
trol the user equipment receiver (300a) to receive user data on
a carrier carrying the downlink control signal or on another
carrier.

FIG. 14 illustrates exemplary subframe structures for each
carrier in a multi-carrier system.

Referring to FIG. 14(a), among multiple carriers, one CC
may be configured to have a format that can be usedbyan LTE
UE. If a CC that can be operated by an LTE UE is referred to
as a normal CC, the normal CC may be configured in accor-
dance with the 3GPP LTE standard. According to the 3GPP
LTE standard, since one subframe includes both PDCCH and
PDSCH, the normal CC may be allocated with the PDCCH
and the PDSCH at each downlink subframe.

Referring to FIG. 14(5), among multiple carriers, one CC
may be configured to have a format that can be used only by
an LTE-A UE, and the CC may also be configured to carry
only the PDSCH. When the control channel is allocated in
accordance with the Type 2 method among the methods for
allocating a control channel, which is described above with
reference to FIG. 13, a carrier carrying only the PDSCH may
be configured.

Referring to FIG. 14(c), among multiple carriers, one CC
may be configured to have a format that can be used only by
an LTE-A UE, and the CC may also be configured to carry
both the PDCCH and the PDSCH. According to the methods
for allocating the control channels, as described above with
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reference to FIG. 13, among the multiple carriers, a predeter-
mined CC may be configured to carry both the PDCCH and
the PDSCH.

At this point, the PDCCH and the PDSCH being transmit-
ted on the CC, which can be used only by the LTE-A UE
correspond to channels that are configured in accordance with
the 3GPP LTE-A standard. Accordingly, the LTE-A UE dedi-
cated PDCCH and PDSCH may be configured to have difter-
ent formats as compared to the formats of the conventional
PDCCH and PDSCH, which are being transmitted from a
normal CC. Alternatively, the allocation positions of the cor-
responding PDCCH and PDSCH within the subframe may be
different from those of the positions to which the conven-
tional PDCCH and PDSCH are allocated. More specifically,
the LTE-A UE dedicated PDCCH and PDSCH may be posi-
tioned in the corresponding subframe in a format different
from the LTE UE dedicated PDCCH and PDSCH, which is
described above with reference to FIG. 11.

In case multiple carriers are being used, the method for
configuring the system may vary depending upon the carrier.
For example, the three different types of CCs, which are
described above with reference to FIG. 14(a) to FIG. 14(c),
may all be configured in the downlink, or a different CC
format other than the three types may be configured. Alter-
natively, only some of the above-described three CC formats
may be configured.

The processor (4006) of the base station according to the
present invention may configure multiple carriers for a pre-
determined user equipment. The base station processor
(4005) may configure each carrier in accordance with any one
of'the formats shown in FIG. 14(a) to FIG. 14(c). Based upon
the control of the base station processor (4005), the transmit-
ter (1005) of the base station may transmit the multiple car-
riers, which are configured as described above, to the user
equipment.

In case the user equipment is an LTE UE, the processor
(400qa) of the LTE UE may control the receiver (300a) of the
LTE UE, so as to receive only the CC that is configured in the
format shown in FIG. 14(a). In case the user equipment is an
LTE-A UE, the processor (400a) of the LTE UE may control
the receiver (300a) of the LTE UE, so as to receive only the
CC that is configured in the format shown in FIG. 14(a).

Meanwhile, in the multiple carrier system, the design of a
control channel based upon the frequency channel character-
istic of each carrier causes a large influence on the system
optimization. Therefore, in order to realize system optimiza-
tion, it is important to adequately use an optimal transmis-
sion/reception method and a system parameter for each car-
rier. Additionally, when a carrier is configured to have the
same frame structure as a specific conventional system, e.g.,
a frame structure for the 3GPP LTE standard, it is required to
adequately modify the control channel so as to acquire back-
ward compatibility, which allows both the UE for the conven-
tional system and the UE for the new system to be operated.

Hereinafter, in a system using multiple carriers/physical
channels, an optimization method for a frequency band of
each carrier/physical channel, a method for enhancing system
performance through collaboration between carriers/physical
channels, a method for multiplexing multiple control chan-
nels for controlling multiple carriers/physical channels, a
method for allocating the same to an optimal carrier/physical
channel, and so on will be described. Additionally, physical
channels of a downlink and an uplink described an efficient
control channel structure for another FDD mode. Hereinafter,
under the assumption that one physical channel is assigned to
one carrier, the present invention will be described in the
viewpoint of the carrier. Nevertheless, the present invention
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may also be applied to a case when multiple physical channels
are assigned to a single carrier. For example, the exemplary
embodiments of the present invention, which will be
described later on in detail, may be applied herein regardless
of which carrier a physical channel belongs to.

Alternatively, the exemplary embodiments of the present
invention may also be applied based upon the carriers. More
specifically, when several carriers having at least one or more
physical channels exist, the present invention may be applied
in the viewpoint of the carrier. In this case, the term carrier,
which is used in the following description of the present
invention, may be replaced with the term physical channel,
thereby being applied to the exemplary embodiments of the
present invention.

<Downlink Control Signaling>

When multiple CCs are used in the transmission of down-
link control information for notifying information on the
downlink data transmission, the UE is required to be capable
of receiving a number of PDCCH corresponding to the num-
ber of the respective CCs. The base station may transmit
multiple PDCCHs assigned to multiple carriers in accordance
with several types, as shown in FIG. 13. Referring to FIG. 13,
most particularly, the Type 1 method and the Type 2 method
correspond to the methods that can collectively transmit
diverse downlink control information for a specific UE. Here-
inafter, the grouping of multiple PDCCHs for a single UE will
be referred to as multi-PDCCH, for simplicity. Additionally,
the grouping of multiple PUCCHs for an uplink will be
referred to as multi-PUCCH.

Herein, multi-PUCCH may be broadly configured by joint
coding or separate coding.

In configuring the multi-PDCCH, the base station may
simultaneously perform channel coding on the control infor-
mation for the downlink data of all carriers, so as to perform
joint coding. When performing joint coding, since one cen-
tralized PDCCH includes information on all downlink data
transmission, the UE should first receive the centralized
PDCCH so as to be capable of receiving the downlink data
being transmitted through multiple carriers.

The base station may use a separate coding method so as to
transmit information on multiple PDCCHs to the UE. The
base station may use the separate coding method so as to
configure multi-PDCCH. For example, the base station may
encode each of the PDCCH for the data of each carrier, and
the base station may then perform packing on each of the
encoded PDCCHs, so as to configure the multi-PDCCH.
More specifically, by coding several PDCCHs and by group-
ing the separately coded PDCCHs, multi-PDCCH may be
transmitted to the UE through a specific resource area.

Multi-PDCCH that is aggregated by using the joint coding
method, or by using the separate coding method may transmit
the PDCCH region on at least one carrier to the UE, as shown
in FIG. 13(a) and FIG. 13(5).

The multi-PDCCH may be transmitted in the Type 1 format
or the Type 2 format, as described in FIG. 13. At this point,
although it is preferable that each PDCCH of the multi-PD-
CCH is coded by a single channel encoder, each PDDCH may
also be coded by a respective channel encoder. However, the
CRC being configured to verify errors may be added for each
PDCCH, and may also be added for each multi-PDCCH. The
CRC may also be dually added to each individual PDCCH
and to the multi-PDCCH. In case of adding the CRC to each
of the PDCCHs and to the multi-PDCCH, the length of the
CRC may vary accordingly.

Meanwhile, in order to configure the multi-PDCCH by
using multiple PDCCHs, information indicating to which CC
the PDCCH corresponds is required to be provided. In order
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to do so, CRC masking of a specific pattern may be applied to
each PDCCH. In this case, the UE may use a CRC masking
pattern, which is applied to each PDCCH, so as to determine
to which CC the corresponding PDCCH belongs.

FIG. 15 illustrates an example of a multi-PDCCH being
transmitted from the multi-carrier system. Most particularly,
FIG. 15 illustrates a method of transmitting multi-PDCCH b
using the Type 2 method shown in FIG. 13.

Referring to FIG. 15, according to the Type 2 method, the
downlink control information may be transmitted only
through a specific carrier, e.g., CC_1 channel. In this case,
control channels are not allocated to the subframes over CC_2
to CC_L. Referring to FIG. 14, a subframe over CC_1 is
configured as shown in FIG. 14(a) or FIG. 14(c¢), and the
subframes over CC_2 to CC_L are configured as shown in
FIG. 14(b).

Meanwhile, when downlink control information is being
transmitted as in the Type 1 method of FIG. 13, each multi-
PDCCH may be transmitted through all carriers, or each
multi-PDCCH may be transmitted through multiple carriers.

According to the Type 1 method or the Type 2 method of
FIG. 13, the multi-PDCCH for one LTE-A UE may be trans-
mitted from a carrier other than the carrier through which the
actual PDSCH is being transmitted. In this case, in order to
allow the UE to receive/detect its own downlink data, the
system requires information indicating the CC, over which
the downlink data is being transmitted, that is related to the
multiple PDCCHs included in the multi-PDCCH. Hereinaf-
ter, the present invention will be described in detail while
referring to such information as CC indication information.
The base station may use a specific bit field of the PDCCH so
as to notify the CC indication information to the UE in n-bits.
Alternatively, by masking the PDCCH with a CRC specified
for each CC, the base station may configure the multi-PD-
CCH. In this case, by de-masking the PDCCHs included in
the multi-PDCCH with the CRC, the UE may be aware of the
physical channel associated with each PDCCH.

When four downlink CCs are being used, the CC informa-
tion may, for example, be defined as shown in the following
Table.

TABLE 3

CC Indication Bit Field (CIBF) Carrier Number

15 CC (Component Carrier 1)
2"¢ CC (Component Carrier 2)
CC (Component Carrier 3)
4% CC (Component Carrier 4)

3rd

When the number of CCs is not equal to 4, it will be
apparent that a CIBF bit having a different size may be
defined and used. Additionally, in case the number of uplink
CCs is different from the number of downlink CCs, the size of
the CIBF for the downlink transmission and the size of the
CIBF for the uplink transmission may be different from one
another. Hereinafter, the CIBF for the downlink transmission
will be referred to as a DL-CIBF, and the CIBF for the uplink
transmission will be referred to as a UL-CIBF.

Referring to Table 3, when multiple CCs are being used,
the CIBF should be applied to all PDCCHs. When only one
CC is being used, the base station may reserve (or postpone)
the usage of the CIBF and then transmit null information or
default value prearranged between the base station and the
UE to the UE. Alternatively, the corresponding bit of the
CIBF may be used for the transmission of other information.
The CIBF may be removed, and the CIBF may not be trans-
mitted at all.



US 9,178,670 B2

19

Meanwhile, the number of bits in the CIBF may vary
depending upon the LTE-A UE. More specifically, since the
number of CCs that can be used by each UE may vary, the
CIBF may vary depending upon the UE. When the number of
bits included in the CIBF depends upon the number of CCs,
the number of CCs or the number of bits included in the CIBF
may be notified to the UE through RRC (Radio Resource
Control) signaling.

Alternatively, the number of bits included in the CIBF may
also be defined in a pre-defined format. For example, among
the LTE-A UEs, the number of bits of the CIBF may be
defined based upon a UE supporting the most number of CCs.
More specifically, when the number of CCs that can be sup-
ported by the UE, which supports the most number of CC
within the LTE-A system, is referred to as CC,, ., the number
of bits included in the CIBF may be predefined as floor{log,
(Ccmax)} *

The base station processor (4005) may allocate the
PDCCH and the corresponding PDSCH to the CC, and the
base station processor (4005) may generate CC indication
information indicating the CC through which the PDSCH is
being transmitted. The base station processor (4005) may
generate the PDCCH so that the CC indication information is
included in the PDCCH. Alternatively, the CC indication
information may be generated in the form of RRC signaling
signals. Under the control of the base station processor
(4005), the base station transmitter (1005) may transmit the
CC indication information to the user equipment. The
receiver (300a) of the user equipment may receive the
PDCCH and the CC indication information, and the processor
(100q) of the user equipment may be aware of the CC from
which the PDSCH, which is associated with the PDCCH, is
being transmitted based upon the CC indication information.
The processor (100a) of the user equipment may control the
user equipment receiver (300q) to receive the PDSCH from
the corresponding CC based upon the PDCCH.

FIG. 16 illustrates an exemplary multi-PDCCH transmis-
sion from the multi-carrier system. Most particularly, FIG. 16
shows an exemplary transmission of downlink control infor-
mation in accordance with the Type 1 method of FIG. 13.

Referring to FIG. 16, in order to transmit the multi-PD-
CCH, the base station may configure a CC subset and transmit
the configured CC subset to the UE. For example, in case L
number of CCs is being used in the downlink, the base station
may transmit PDCCH or multi-PDCCH for a specific UE,
e.g., UE_1, only during the pre-defined N number of CC
subsets (wherein N<L). UE_1 may be configured to receive
the PDCCH or multi-PDCCH during the N number of CC
subsets. According to this embodiment of the present inven-
tion, since the UE_1 is only required to perform blind detec-
tion during the N number of CC subsets, the number of CCs
being required by the corresponding UE to attempt decoding
is reduced as compared to the case of performing blind detec-
tion on all L number of CCs. Accordingly, by decreasing the
complexity of the blind detection process, the data reception
performance of the UE may be enhanced. At this point, the
base station may disperse each of the multiple PDCCHs for
the UE_1, so as to allow the dispersed PDCCHs to be trans-
mitted to the UE_1 through specific CC within the CC subset,
e.g.,CC_1and CC_L. The CC subset that should be received
by each UE may be pre-decided via RRC signaling, or may be
decided based upon a pre-defined rule.

The base station processor (4005) may transmit user datato
a UE through multiple carriers, e.g., L. number of carriers. At
this point, the base station processor (4005) may allocate the
PDCCH designated for the UE only during the N (wherein
N<L) number of CC subsets defined herein. The transmitter
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(1005) of the base station may transmit a control signal for the
user data, which are transmitted over the L. number of carriers,
based upon the control of the base station processor (4005),
over N number of CCs within the CC subset. The processor
(400a) of the UE may perform blind detection on the N
number of CCs within the CC subset, so as to control the user
equipment receiver (300q) so that the user equipment receiver
(3004a) can receive the control signal. Additionally, the user
equipment processor (400a) may control the user equipment
receiver (300qa), so that the user equipment receiver can
receive the user data, being transmitted over the L number of
CCs, based upon the control signal.

Meanwhile, other CC, on which the PDCCH or multi-
PDCCH ofthe UE_1 are not transmitted, may be used for the
transmission of the PDCCH or multi-PDCCH of another UE,
e.g., UE_2. The PDCCH or multi-PDCCH of another UE,
e.g., UE_2, may also be transmitted on a CC included in the
CC subset designated for the UE_1.

<PDSCH Dedicated CC>

According to the Type 2 method of FIG. 13, the base station
may use the CC indication information so as to transmit the
PDCCH on another CC, instead of transmitting the PDCCH
on the CC transmitting the PDSCH. More specifically, the
base station may configure a CC that does not carry the
PDCCH. However, the base station cannot configure only the
CCs carrying only the PDSCH. Therefore, in order to allow
the base station to use the CC carrying only the PDSCH, the
base station is required to also configure the CC carrying the
PDCCH. A CC that is configured to carry only the PDSCH
without any PDCCH is referred to as a PDSCH dedicated CC.

FIG. 17 illustrates another exemplary multi-PDCCH trans-
mission from the multi-carrier system. Most particularly,
FIG. 17 shows an exemplary transmission of downlink con-
trol information in accordance with the Type 2 method of
FIG. 13.

Referring to FIG. 17, the base station may transmit the
PDSCH for UE_1 through CC_1 and CC_2, CC_L, and the
base station may transmit the PDCCHs for the PDSCH
through the CC_1 and CC_L. As a result, the base station
transmits only the PDSCH in CC_2. Accordingly, CC_2 cor-
responds to the PDSCH dedicated CC. The UE_1 acquires the
PDDCHs designated for the UE_1 from the CC_1and CC_L,
and the UE_1 may acquire the PDCCH being transmitted
through the CC_1 and CC_2, CC_L channels based upon the
PDCCHs. For example, the UE_1 may detect the PDSCH
being transmitted through the CC_2 based upon the PDCCH,
which is transmitted through the CC_1 channel. Meanwhile,
the UE_1 may be configured not to perform blind detection
for detecting its own PDSCCH on the CC_2 configured to
carry only the PDSCH.

The base station processor (4005) may allocate only the
PDSCH to a predetermined CC without any PDCCH. How-
ever, the PDCCH for the PDSCH is allocated to another CC.
The transmitter (1005) of the base station may transmit the
PDSCH designated for a UE through a certain CC based upon
the control of the base station processor (4005), and the
transmitter (1005) of the base station may also transmit the
PDCCH for the PDSCH through a CC other than the certain
CC. The UE may receive the PDCCH through the receiver
(300qa), and the UE may also receive the PDSCH, which is
transmitted through the certain CC. The processor (400a) of
the UE may control the receiver (300a) so that the receiver
(3004a) cannot perform blind detection, which is performed to
detect the PDCCH, over the certain CC. The processor (400a)
may control the receiver (300a) so that the blind detection
process can be performed in a CC other than the PDSCH
dedicated CC. Based upon the PDCCH, which is detected
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through the blind detection, the processor (400a) may control

the receiver (300q) so that the receiver (3004a) can receive the

PDSCH, which is transmitted through the certain CC.
<Subframe Offset>

1. Subframe Offset for PDSCH Dedicated CC

FIG. 18 illustrates yet another exemplary multi-PDCCH
transmission from the multi-carrier system. Most particu-
larly, FIG. 18 shows an example of applying the transmission
of' downlink control information in accordance with the Type
2 method of FIG. 13 over multiple subframes.

In case of a PDSCH dedicated CC, through which the
PDCCH is not transmitted, a PDCCH being associated with
the PDSCH that is being transmitted from the PDSCH dedi-
cated CC is transmitted through another CC. At this point, it
is preferable that the PDCCH is transmitted in subframe(s)
that is earlier than a subframe in which the PDSCH is trans-
mitted. The PDCCH should at least be transmitted in a sub-
frame identical to the subframe in which the PDSCH is trans-
mitted. More specifically, when a subframe offset, which
corresponds to a difference between the subframe in which
the PDSCH is transmitted and the subframe in which the
PDCCH is transmitted, is referred to as k, k is given a value
equal to or greater than 0. This may be expressed as the
following equation.

k=subframeppscz—subframepp =0 Equation 1

Herein, subframe,,q-; represents the number of a
subframe in which the PDSCH is transmitted, and
subframe, .z represents the number of a subframe in
which the PDCCH for the PDSCH is transmitted.

Meanwhile, in the conventional system using a single CC,
the PDSCH is transmitted after the PDCCH is transmitted.
Therefore, the UE may acquire its own PDCCH by perform-
ing blind detection, and, then, the UE may receive the corre-
sponding PDSCH within the subsequent data region. There-
fore, while the PDCCH is being received, buffering is not
required to be performed on the related PDSCH. However, in
case the PDCCH and the corresponding PDSCH are being
transmitted in the same subframe, during the time duration for
detecting the PDCCH, the UE should perform buffering on
the PDSCH being transmitted through another CC. For
example, referring to FIG. 17, it will be assumed that the base
station transmits the PDCCH designated for the UE_1
through CC_1 in the first three symbols of a subframe, and
that the base station transmits the PDSCH designated for the
UE_1 through the CC_2 in the subframe. In this case, the
UE_1 may perform blind detection of the PDCCH(s) desig-
nated for the UE_1 with respect to CC_1 over the first three
symbols of the subframe. In the first three symbols, the
PDCCH is transmitted, and the PDSCH is also transmitted
through CC_2. However, even if the UE_1 receives the
PDSCH through the CC_2 during the first three symbols
section, since the UE_1 has not yet acquired its own PDCCH,
aproblem may occur in that the PDSCH, which is transmitted
in duration of the first three symbols, cannot be decoded.
Accordingly, in order to resolve such problem, the UE_1
performs buffering on the signals that are being transmitted
through the PDSCH dedicated CC during the symbol section,
through which the PDCCH(s) designated for the UE_1 is/are
transmitted. During the symbol section for performing blind
detection on the PDCCH, in order to perform buffering on the
data being transmitted through the PDSCH dedicated CC,
each UE may use a portion of the memory (200a) as the
buffer. When the UE acquires its own PDCCH after perform-
ing the blind detection process, the UE may decode the cor-
responding PDSCH including the buffered data based upon
the acquired PDCCH. However, the process of implementing
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a UE performing buffering is more complicated than the
process of implementing a UE that does not perform buffer-
ing. Additionally, in order to allow the UE to perform such
buffering process, a predetermined capacity of the memory
(2004a) should be reserved for the buffering process. There-
fore, it will be preferable to define the value k to have a value
greater than 0, so that the degree of implementation complex-
ity of the UE caused by the buffering process can be reduced.
This may be expressed as the equation shown below.

k=subframeppsz—subframepp =1 Equation 2

Herein, k may be understood as a value for deciding the
subframe in which the PDCCH for a specific PDSCH is
transmitted. Inversely, the value k may also be understood as
a value for designating a subframe in which a PDSCH asso-
ciated to the PDCCH is transmitted. At this point, k may be
configured as a fixed value, or k may be differently configured
for each UE so as to be transmitted to the respective UE
through the corresponding PDCCH or RRC.

Meanwhile, it is preferable that k is given a small value,
e.g., 1 or2. Whenk is given a greater value, this indicates that
adifference in the transmission time between the PDCCH and
the corresponding PDSCH. In this case, a change may occur
in the channel status of the corresponding CC, which is based
upon a scheduling of the PDSCH. Thus, the scheduling infor-
mation of the PDSCH, which is being transmitted through the
PDCCH, may no longer be valid. Therefore, based upon the
time variability of the channel status, it will be preferable to
define the value k to have a value less than or equal to a
predetermined value.

The base station may transmit a PDCCH and its respective
PDSCH, so that k can have a value greater than or equal to 1
and have a value less than or equal to a predetermined value.
In case k is not assigned with a fixed value, the base station
may transmit the value k to the UE through the PDCCH or
RRC signaling.

Hereinafter, the present invention will be described in
detail under the assumption that, among the I number of CCs
that can be used by the UE_1, only 3(three) CCs, e.g., CC_1
and CC_2, CC_L are activated. Referring to FIG. 18, the base
station transmits the user data for UE_1 over CC_1 and CC_2,
CC_L, and the base station may transmit control information
for the user data through the CC_1. At this point, on CC_2, the
base station transmits the user data after k number of sub-
frames from subframe N, through which the control informa-
tion is transmitted. In other words, the base station may trans-
mit the PDCCH for the user data, which are transmitted on
CC_2, wherein the CC_2 corresponds to a PDSCH dedicated
CC, in a subframe before k number of subframes from a
subframe in which the user data is transmitted. Herein, it will
be assumed that PDCCH_1 and PDCCH_2, PDCCH_L
respectively indicate control information being transmitted
through CC_1 and CC_2, CC_L, and that PDSCH_1 and
PDSCH_2, PDSCH_L respectively indicate user data being
transmitted through CC_1 and CC_2, CC_L. Among the
symbols configuring subframe N, the base station may trans-
mit PDCCH_1 and PDCCH_2, PDCCH_L in some of the
earlier symbols through CC_1, and the base station may
transmit PDSCH_1 and PDSCH_L in the subframe N
through each of CC_1 and CC_L. Additionally, in subframe
N+k, the base station may transmit PDCCH_1 and its corre-
sponding PDSCH_1 through CC_1, and, in subframe N+k,
the base station may transmit PDSCH_2 corresponding to
PDCCH_2, which is transmitted in the subframe N, through
CC_ 2.

According to the present invention based upon the view-
point of CC_2, the base station may transmit PDSCH_2 cor-
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responding to PDCCH_2, which is transmitted in subframe
N, to UE_1 through CC_2 in subframe N+k instead of sub-
frame N. However, when a condition of having a symbol, in
which PDCCH_3 is transmitted, placed before PDSCH_L,
which is transmitted through CC_L, is satisfied, the
PDSCH_L corresponding to the PDCCH_3 may be transmit-
ted in subframe N through CC_L. More specifically, in con-
figuring subframe N, PDCCH_L may be assigned to a symbol
positioned before PDSCH_L. In case of CC_L, since the
control information is/are assigned to the earlier symbol(s) of
subframe N, when the PDSCH_L is transmitted in a symbol
positioned after the symbol, in which the PDCCH_L is being
transmitted, the UE_1 may decode the PDSCH_L without
having to perform buffering on the PDSCH_L..

UE_1 may detect PDCCH_1 and PDCCH_2, PDCCH_L,
which are transmitted through CC_1 in subframe N, may
receive PDSCH_1, which is transmitted through CC_1 in
subframe N, based upon the PDCCH_1, and also receive
PDSCH_1, which is transmitted through CC_L in subframe
N, based upon the PDCCH_L. Additionally, based upon the
PDCCH_2, the UE_1 may detect PDSCH_2, which is trans-
mitted through CC_2 in subframe N+k. Meanwhile, UE_2
may receive PDCCH_1, which is transmitted through the
CC_1 in the subframe N+k, and, based upon the PDCCH_1
received in the subframe N+k, UE_2 may receive PDSCH_1,
which is transmitted through CC_1 in the subframe N+k.

2. Subframe Offset Signaling

As described above, with reference to FIG. 18, according
to the method for transmitting downlink control information
according to the Type 2 method of FIG. 13, the subframe for
the PDCCH transmission may be different from the subframe
for the corresponding PDSCH transmission. In addition to the
Type 2 method, in the method for transmitting downlink
control information according to the Type 1 method of FIG.
13, the subframe for the PDCCH transmission may also be
different from the subframe for the corresponding respective
PDSCH transmission. Herein, the subframe offset k, which
corresponds to the difference between the subframe for the
PDCCH transmission and the subframe for the corresponding
PDSCH transmission, may be pre-defined as a fixed value.
However, the subframe offset k may also be defined as a value
that may be varied depending upon the carrier characteristics
or the channel environment. In case the value k is not a fixed
value, the base station may be required to transmit informa-
tion indicating the subframe offsetk to the corresponding user
equipment through the PDSCH or RRC signaling.

Referring to FIG. 18, the base station may transmit each of
the subframe offsets k=1 and k=2, k=L. for PDCCH_1 and
PDCCH_2, PDCCH_L to UE_1 in subframe N through
CC_1. The subframe offset may be transmitted through the
corresponding PDCCH. Alternatively, the subframe offset
may also be transmitted to the UE_1 through RRC signaling.
Based upon the subframe offset, the UE_1 may be aware of
the subframe in which the PDSCH corresponding to the
PDCCH is being transmitted.

Meanwhile, in case of a CC carrying the PDCCH, since a
PDSCH corresponding to the PDCCH or a PDSCH corre-
sponding to another PDCCH is to be transmitted after the
symbol duration, during which the PDCCH is transmitted, the
base station may not transmit the information indicating the
subframe offset to the user equipment.

Referring to FIG. 3, the exemplary embodiment of the
present invention will be described once again as follows. The
processor (4005) of the base station may allocate the PDCCH
for a UE and its respective PDSCH to different CCs, so that k
may be given a value greater than equal to 1 while being equal
to or less than a predetermined value. However, when the base
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station processor (4005) allocates the PDCCH for a UE and
its respective PDSCH to the same CC, the base station pro-
cessor (4005) may allocate the PDCCH and the respective
PDSCH so that the value k can be given a value equal to or
greater than 0 and a value equal to or less than a predeter-
mined value. By controlling the transmitter (10056) of the base
station, the base station processor (4005) may transmit the
PDCCH and the respective PDSCH to the UE through difter-
ent CCs. However, the base station processor (4005) may also
control the base station transmitter (1005) so that the corre-
sponding PDSCH can be transmitted after k subframes from
the subframe in which the PDCCH is transmitted. Addition-
ally, the base station processor (4005) may generate informa-
tion indicating the subframe offset k, and the base station
processor (4005) may control the base station transmitter
(1005), so as to transmit the generated information to the UE.
The base station processor may control the base station trans-
mitter (1005), so that the subframe offset k can be transmitted
through the corresponding PDCCH. Alternatively, the base
station processor may control the base station transmitter
(1005), so that the subframe offset k can be transmitted in an
RRC signaling format. Furthermore, the base station proces-
sor (4005) may control the base station transmitter (10056), so
that CC indication information indicating the CC, through
which the PDSCH is being transmitted, can be transmitted to
the UE.

The processor (400a) of the UE may receive the PDCCH
and the subframe offset, and the processor (400a) of the
corresponding UE may be aware of the specific subframe
through which the PDSCH associated with the PDCCH is
being transmitted. Therefore, the processor (400a) of the UE
may receive a PDSCH corresponding to the PDCCH through
the corresponding CC based upon the PDCCH and the sub-
frame offset. The processor (400a) may also be aware of the
corresponding CC, through which the PDSCH is being trans-
mitted, based upon the CC indication information that is
transmitted by the base station.

<CRS Transmission in a Multi-Carrier System>

FIG. 19 illustrates an exemplary CRS pattern according to
an antenna port.

Referring to FIG. 19, CRS patterns for each antenna port
are orthogonal to one another in the time/frequency domain.
When the transmission device is given one antenna port, the
antenna port transmits a CRS pattern for antenna port 0. When
a 4Tx transmission is being used in the downlink, CRSs for
antenna ports 0~3 may be used simultaneously. However, in
order to minimize the interference between RS signals, in
case a predetermined antenna port transmits its own CRS, the
corresponding predetermined antenna port does not transmit
a signal from an RE, through which CRSs for other antenna
ports are being transmitted.

Meanwhile, according to the 3GPP LTE standard, a
PDCCH is transmitted to a user equipment in a single antenna
mode or a transmit diversity mode by using a CRS. Herein, a
CRS (Common Reference Signal or Cell-specific Reference
Signal) refers to a reference signal that is being used for the
purpose of demodulation and measurement and that is being
shared by all UEs within the cell. Up to the current days, the
current 3GPP LTE-A standard is defined so that the PDCCH
can be transmitted in a format identical to the format defined
in the 3GPP LTE standard. When the PDCCH is transmitted
to an LTE-A UE in the same format as the format defined in
3GPP LTE, the LTE-A UE may be capable of demodulating
the PDCCH only after receiving the CRS. Therefore, when
the PDCCH is transmitted to the LTE-A UE, the base station
should also transmit the CRS along with the PDCCH.



US 9,178,670 B2

25

In the present invention, when the base station configures a
CC that can only be received by the LTE-A UE, the CC
transmits a CRS only in a specific subframe. Unlike the LTE
UE, which is required to be configured to receive the CRS in
every subframe, the LTE-A UE may be configured to receive
CRS in only some of the subframes. For example, the base
station may transmit a CRS in a specific subframe (or several
specific subframes) within a single radio frame, and the base
station may transmit the PDCCH and the PDSCH or only the
PDSCH in the remaining subframes without any CRS. When
the CRS is transmitted only in a predetermined subframe, the
RE, through which the CRS has been transmitted in the con-
ventional 3GPP LTE system, may be used in the transmission
of'the PDCCH or the PDSCH. Therefore, it may be advanta-
geous in that the size of the downlink transmission data can be
increased in the corresponding CC.

A CRS pattern for the LTE-A UE may be defined differ-
ently from the CRS pattern according to the 3GPP LTE stan-
dard. For example, among the OFDM symbols configuring a
subframe, through which the CRS is being transmitted, the
CRS pattern may be configured so that the CRS can be trans-
mitted in only a specific OFDM symbol. However, for sim-
plicity of the description, it will be assumed that the 3GPP
LTE-A system uses the same CRS pattern as the 3GPP LTE
system. When the 4Tx transmission is given as an example of
the present invention, the base station may transmit the CRS
patterns of FIG. 19(a) to FIG. 19(d) from each of the antenna
ports 0 to 3 through the CC designated for the LTE-A UE.

The base station may configure the CC designated for the
LTE-A UE, so that the corresponding CC can carry the
PDCCH and PDSCH designated for the LTE-A UE, as shown
in FIG. 14(c). And, the corresponding CC may also be con-
figured to carry only the PDSCH, as shown in FIG. 14(b).
More specifically, the base station processor (4005) may allo-
cate both PDCCH and PDSCH designated for the LTE-A UE
to the CC designated for the LTE-A UE (as shown in FIG.
14(c)), and the base station processor (4005) may also allo-
cate only the PDSCH to the corresponding CC (as shown in
FIG. 14(b)).

The subframe, through which the CRS is being transmit-
ted, may be defined in advance. For example, among 10
subframes within a radio frame, the CRS may be defined in
advance to be transmitted in subframe 0 and subframe 5. In
this case, the transmission cycle period of the CRS becomes
5 subframes. Alternatively, the transmission cycle period of
the CRS may be determined differently for each of the base
station and the UE. The base station may decide the transmis-
sion cycle period of the CRS and may transmit information
indicating the decided transmission cycle period of the CRS
to the UE. The transmission cycle period may be transmitted
to the UE through the PDCCH or through RRC signaling. The
base station processor (4005) may also decide a transmission
cycle period of the CRS, and the base station processor (40056)
may control the base station transmitter (1005) so that infor-
mation indicating the decided transmission cycle period of
the CRS can be transmitted to the UE. The base station
processor (4005) may control the base station transmitter
(1005) so that the corresponding information can be trans-
mitted to the UE through the PDCCH or RRC signaling.

The UE may be capable of identifying the subframe from
which the CRS is being transmitted based upon the informa-
tion indicating the transmission cycle period. In this case, the
UE may detect the CRS in a subframe, which actually carries
the CRS, on the corresponding CC without having to detect
all of the subframes. Then, based upon the detected CRS, the
UE may estimate the channel status. The receiver (300a) of
the UE may receive information indicating the transmission
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cycle period, which is then delivered to the processor (400a)
of the UE. Thereafter, based upon the transmission cycle
period, the UE processor (400a) may control the receiver
(3004), so that the receiver (300a) can detect the CRS from a
subframe corresponding to the transmission cycle period,
thereby estimating/measuring the channel status.

As described above, the detailed description of the present
invention are provided herein so that anyone skilled in the art
can implement and realize the embodiments of the present
invention. Although the preferred embodiments of the present
invention have been disclosed and described herein, the
present invention may be realized in another concrete con-
figuration (or formation) without deviating from

the scope and spirit of the essential characteristics of the
present invention. Therefore, in all aspect, the detailed
description of present invention is intended to be understood
and interpreted as an exemplary embodiment of the present
invention without limitation. The scope of the present inven-
tion shall be decided based upon the understanding and inter-
pretation of the appended claims of the present invention and
shall come within the scope of the appended claims and their
equivalents. Therefore, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents, and it is not intended to limit the present
invention only to the examples presented herein.

INDUSTRIAL APPLICABILITY

The present invention may be used in a mobile station, base
station, or other equipments of a wireless mobile communi-
cation system.

What is claimed is:
1. A method for transmitting, by a base station, downlink
control information to a user equipment using a plurality of
carriers in a wireless communication system, the method
comprises:
transmitting a first physical downlink control channel (PD-
CCH) carrying first control information, which is for
transmission of a first physical downlink shared channel
(PDSCH) and includes a carrier indication field set to
indicate a first carrier among the plurality of carriers, and
a second PDCCH carrying second control information,
which is for transmission of a second PDSCH and
includes a carrier indication field set to indicate a second
carrier among the plurality of carriers, through the first
carrier to the user equipment in a subframe n;

transmitting the first PDSCH carrying first downlink data
through the first carrier based on the first control infor-
mation to the user equipment in the subframe n; and

transmitting the second PDSCH carrying second downlink
data through the second carrier based on the second
control information to the user equipment in a subframe
n+k when the second carrier is different from the first
carrier and carries no PDCCH,

wherein k is equal to lor 2, and

wherein the subframe n and the subframe n+k are downlink

subframes.

2. The method of claim 1, further comprising:

transmitting information indicating k to the user equip-

ment.

3. The method of claim 2, wherein the second PDCCH
carries the information indicating k.

4. A method of receiving, by a user equipment using a
plurality of carriers, downlink control information in a wire-
less communication system, the method comprises:
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receiving, by the user equipment, a first physical downlink
control channel (PDCCH) carrying first control infor-
mation, which is for reception of a first physical down-
link shared channel (PDSCH) and includes a carrier
indication field set to indicate a first carrier among the
plurality of carriers, and a second PDCCH carrying sec-
ond control information, which is for reception of a
second PDSCH and includes a carrier indication field set
to indicate a second carrier among the plurality of car-
riers, through the first carrier in a subframe n;

receiving, by the user equipment, the first PDSCH carrying
first downlink data through the first carrier based on the
first control information in the subframe n; and

receiving, by the user equipment, the second PDSCH car-
rying second downlink data through the second carrier
based on the second control information in a subframe
n+k when the second carrier is different from the first
carrier and carries no PDCCH,

wherein k is equal to lor 2, and

wherein the subframe n and the subframe n+k are downlink
subframes.

5. The method of claim 4, further comprising:

receiving information indicating k from the base station.

6. The method of claim 5, wherein the second PDCCH

carries the information indicating k.

7. A base station of transmitting downlink control infor-

mation to a user equipment using a plurality of carriers in a
wireless communication system, the base station comprises:

a transmitter configured to transmit radio signals through
the plurality of carriers; and

a processor, connected to the transmitter, configured to
control the transmitter to transmit a first physical down-
link control channel (PDCCH) carrying first control
information, which is for transmission of a first physical
downlink shared channel (PDSCH) and includes a car-
rier indication field set to indicate a first carrier among
the plurality of carriers, and a second PDCCH carrying
second control information, which is for transmission of
a second PDSCH and includes a carrier indication field
set to indicate a second carrier among the plurality of
carriers, through the first carrier to the user equipment in
a subframe n; to transmit the first PDSCH carrying first
downlink data through the first carrier based on the first
control information to the user equipment in the sub-
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frame n; and to transmit the second PDSCH carrying
second downlink data through the second carrier based
on the second control information to the user equipment
in a subframe n+k when the second carrier is different
from the first carrier and carries no PDCCH,

wherein k is equal to lor 2, and

wherein the subframe n and the subframe n+k are downlink

subframes.

8. The base station of claim 7, wherein the processor is
configured to control the transmitter to transmit information
indicating k to the user equipment.

9. The base station of claim 8, wherein the second PDCCH
carries the information indicating k.

10. A user equipment, using a plurality of carriers, of
receiving downlink control information in a wireless commu-
nication system, the user equipment comprises:

a receiver configured to receive radio signals through the

plurality of carriers; and

a processor configured to control the receiver to receive a

first physical downlink control channel (PDCCH) car-
rying first control information, which is for reception of
a first physical downlink shared channel (PDSCH) and
includes a carrier indication field set to indicate a first
carrier among the plurality of carriers, and a second
PDCCH carrying second control information, which is
for reception of a second PDSCH and includes a carrier
indication field set to indicate a second carrier among the
plurality of carriers, through the first carrier in a sub-
frame n; to receive the first PDSCH carrying first down-
link data through the first carrier based on the first con-
trol information in the subframe n; and to receive the
second PDSCH carrying second downlink data through
the second carrier based on the second control informa-
tion in a subframe n+k when the second carrier is differ-
ent from the first carrier and carries no PDCCH,
wherein k is equal to lor 2, and

wherein the subframe n and the subframe n+k are downlink

subframes.

11. The user equipment of claim 10, wherein the processor
is configured to control the receiver to further receive infor-
mation indicating k from the base station.

12. The user equipment of claim 11, wherein the second
PDCCH carries the information indicating k.
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